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Because of the tradition of using honey as an antimicrobial medicament, we investigated the effect of natural honey (NH) on
Streptococcus mutans growth, viability, and biofilm formation compared to that of an artificial honey (AH). AH contained the
sugars at the concentrations reported for NH. NH and AH concentrations were obtained by serial dilution with tryptic soy broth
(TSB). Several concentrations of NH and AH were tested for inhibition of bacterial growth, viability, and biofilm formation after
inoculation with S. mutans UA159 in 96-well microtiter plates to obtain absorbance and CFU values. Overall, NH supported
significantly less (P < 0.05) bacterial growth than AH at 25 and 12.5% concentrations. At 50 and 25% concentrations, both
honey groups provided significantly less bacterial growth and biofilm formation than the TSB control. For bacterial viability, the
results for all honey concentrations except 50% NH were not significantly different from those for the TSB control. NH was able
to decrease the maximum velocity of S. mutans growth compared to AH. In summary, NH demonstrated more inhibition of bac-
terial growth, viability, and biofilm formation than AH. This study highlights the potential antibacterial properties of NH and
could suggest that the antimicrobial mechanism of NH is not solely due to its high sugar content.

Honey has been used as a source of nutrients as well as a med-
icine since ancient times (3). Recent publications indicating

the effect of honey in the management of certain conditions have
rekindled interest in honey as a natural therapeutic agent. For
example, honey can be used as a temporary dressing in burns (20).
It has also been found to be effective in the management of
radiation-induced mucositis in patients receiving head and neck
radiotherapy (26). In addition, Robson and colleagues recorded
accelerated healing when honey was used as a wound dressing
material in a randomized clinical trial (28).

The antibacterial properties of honey have been well docu-
mented (37). However, the specific antimicrobial mechanism of
honey is still unclear (7). Among the possible mechanisms are the
presence of inhibitory factors such as flavonoids (16) and hydro-
gen peroxide (35, 36), low pH (38), and high osmolarity due to its
sugar concentration (38).

Honey may have a similar antibacterial effect on Streptococcus
mutans, which is considered the main causative organism of den-
tal caries (21). S. mutans along with other oral bacteria forms on
the tooth surface a microbial community surrounded by extracel-
lular matrix and salivary proteins (22), collectively known as den-
tal biofilm. Cariogenic bacteria within this biofilm utilize dietary
sugars and produce lactic acid as a by-product (34). This acid
attacks and demineralizes the tooth structure, leading to decay.

Very limited studies have investigated the effect of honey on S.
mutans. These studies investigated the effect of honey on several
strains of oral bacteria (7). Here, we tried to explore the effect of
honey on the growth and viability of S. mutans, as well as deter-
mine the effect of natural honey on S. mutans biofilm formation.

Many agents have been considered in the goal of preventing
dental caries, including chlorhexidine (4), fluoride (12), and xyli-
tol (27). However, the dietary effect of ingestible carbohydrate
sources cannot be ignored. Honey is sometimes used as a sugar
substitute to limit the exposure to sucrose (31). The effect of
honey on S. mutans biofilms can provide evidence on both the
cariogenicity and antibacterial properties of honey. In this study,

we investigated the effect of honey on the growth, viability, and
biofilm formation of S. mutans.

MATERIALS AND METHODS
Bacterial preparation and reagents. S. mutans UA159 (1) was isolated
from dental plaque above a carious enamel surface. S. mutans UA159 was
transferred from an agar plate into a sterile tube containing tryptic soy
broth (TSB; Difco Laboratories, Detroit, MI) and incubated for 24 h in a
5% CO2 incubator at 37°C. Natural honey (NH) was bought from a local
grocery store in Jeddah, Saudi Arabia (Langnese Honig, Germany). Arti-
ficial honey (AH) was prepared as described by Wilkinson and Cavanagh
(37). AH ingredients, including 40.5% fructose, 33.5% glucose, 7.5%
maltose, and 1.5% sucrose, were added incrementally and stirred until
dissolved in deionized water. AH was diluted 1:2 (5 ml AH plus 5 ml of
TSB) and then filter sterilized through a 45-�m-pore-size filter and stored
at 4°C until needed.

Biofilm assay. Different NH and AH concentrations were obtained by
serial dilution with TSB. Sterile 96-well flat-bottom polystyrene microti-
ter plates (Fisher Scientific, Pittsburgh, PA) were utilized. Wells contain-
ing bacteria received 290 �l of TSB-honey dilutions and were inoculated
with 10 �l of S. mutans from the overnight culture. Wells without bacteria
received 300 �l of the TSB-honey dilution. The microtiter plates were
incubated for 24 h at 37°C in 5% CO2 without agitation.

Determination of bacterial growth and biofilm formation. The ab-
sorbance of each well in the microtiter plates was read at 540 nm in a
microplate spectrophotometer (Molecular Devices, Inc., Sunnyvale, CA)
to determine the amount of bacterial growth (planktonic and biofilm
bacteria). In order to determine the effect of honey on biofilm formation,
the planktonic bacteria were removed by pipetting. The biofilm in the
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microtiter plates was fixed by adding 100 �l of 10% formaldehyde solu-
tion and left overnight at room temperature. The formaldehyde was re-
moved from the wells, 100 �l of 0.1% crystal violet was added, and the
plates were kept at room temperature for 1 h. The crystal violet solution
was removed, and 250 �l of isopropanol was placed in each well to release
the crystal violet and then aspirated to manually mix the contents of the
wells. The absorbance of each well was read at 490 nm.

Planktonic growth curves were obtained by placing 190 �l of honey at
each concentration in TSB into a 96-well microtiter plate. Wells with
corresponding concentrations of sucrose in TSB (TSBS) were also in-
cluded. The wells were inoculated with 10 �l of an overnight S. mutans
culture in triplicate. Bacterial growth curves were recorded by a microtiter
plate reader at 595 nm and 37°C every 20 min for 20 h.

Determination of bacterial viability. In order to assess the effect of
honey on S. mutans viability, aliquots of bacterial cultures from the 50, 25,
12.5, and 6.25% wells of both honey groups were diluted 1:1,000 and
spiral plated on blood agar plates in duplicate, and the plates were incu-
bated for 48 h in a 5% CO2 incubator at 37°C. The number of CFU for
each concentration of honey was determined using an automated colony
counter (Synbiosis, Inc., Frederick, MD) and compared to values from the
TSB control culture. This experiment was repeated, and combined results
were reported.

To investigate the effect of NH and AH on viable sessile cells, a sodium
3=-[1-[(phenylamino)-carbonyl]-3,4-tetrazolium]-bis(4-methoxy-6-nitro)
benzene-sulfonic acid hydrate (XTT) assay was utilized (29). Biofilms
were allowed to form in a microtiter plate overnight by adding 10 �l of an
overnight culture of S. mutans to 290 �l of 1% TSBS and incubating in 5%
CO2 at 37°C. Biofilms were washed three times with sterile 0.9% NaCl to
remove nonadherent cells. NH, AH, and TSBS concentrations (contain-
ing 1.56% through 50% sucrose) were added to designated wells (in trip-
licate), and the plates were incubated at 37°C for 24 h. After incubation,
the treated biofilms were washed three times and the metabolic activity of
the biofilms was determined by the addition of XTT. After 2 h of incuba-
tion at room temperature in the dark, the absorbance at 490 nm was
determined.

Statistical analysis. Statistical testing was conducted using a
SigmaStat (version 11.0) statistical package. For bacterial growth, biofilm
formation, and XTT assays, one-way analysis of variance followed by the
Holm-Sidak pairwise comparison method was used to compare the re-
sults for NH, AH, and the TSB (in addition to TSBS in the XTT assay)
control for each concentration tested. Student’s t test was used to assess
bacterial viability at different AH and NH concentrations. A 0.05 statisti-
cal significance level was used for all statistical tests.

RESULTS

The cultures in the wells of AH at 50, 25, and 12.5% concentra-
tions were more turbid than the respective NH wells, indicating
more bacterial growth (Fig. 1). However, this observation was
based on visual comparison between AH and NH wells from each
microtiter plate experiment. The remaining wells were visually
similar between AH and NH wells. In addition, during the fixation
process, the biofilms in the NH wells were easily detached from the
base of the wells. On the other hand, biofilms in the AH wells were
more tightly bound to the microplate wells and were less disturbed
by the staining process.

Overall, NH wells demonstrated significantly less bacterial
growth at 50, 25, 12.5, and 6.25% concentrations than the TSB
control wells and less growth at 25 and 12.5% than the AH wells
(Fig. 1). Both honey groups exhibited bacterial growth values
equal to or higher than those for the TSB control at the 3.13 and
1.56% concentrations. NH inhibited the maximum velocity of
growth considerably more than AH (Fig. 2). In addition, the over-
all maximum absorbance values were lower in the NH groups
than their AH counterparts.

For biofilm formation data, the values for NH were statistically
lower than those for the TSB control at concentrations greater
than 6.25% (Fig. 3). On the other hand, values for AH wells were
always higher than those for the TSB control wells, except at the 50
and 25% concentrations. Compared to AH, NH demonstrated
significantly less biofilm formation at 12.5 and 6.25%.

Regarding bacterial viability, the results for all honey concen-
trations except 50% NH were not significantly different from
those for the TSB control (Fig. 4). Significant differences between
NH and AH at 50 and 25% concentrations were found. Data from
the XTT assay followed a similar trend (Fig. 5). NH at 50% was
able to decrease the amount of viable sessile cells compared to AH
and TSBS at the same concentration. Results for NH and AH at 25,
12.5, and 6.25% were not statistically different; however, both of
their values at 6.25% were statistically lower than those for the 1%
TSBS control.

DISCUSSION

Several reports demonstrating the effectiveness of honey in the
treatment of ulcers and infected wounds can be found in the lit-
erature (10, 20, 25, 39). Honey has also been found to be effective
in treating oral conditions, such as ulcers, mucositis, and peri-
odontal disease (8, 11, 26). This effect is largely attributed to the
antibacterial properties of honey. However, the exact antimicro-
bial mechanism of honey has not been determined yet.

Honey is used as a natural sweetener and could potentially
promote dental caries, although conflicting data regarding hon-
ey’s cariogenicity have been reported (24). Honey has high con-
centrations of sugars (about 70%); (31) despite this, many types of
honey have antibacterial properties (2, 38). However, could the
antibacterial activity of honey counteract its cariogenic potential?

The literature describes very limited studies that have investi-
gated the effect of honey on S. mutans. In this study, we investi-
gated the effect of NH on S. mutans growth, biofilm formation, as
well as viability. We have considered one of the proposed antimi-
crobial mechanisms of honey, which is its high osmolarity due to
an intense sugar content. Therefore, we prepared an AH solution
that contained sugar concentrations comparable to those found in
NH on the basis of previous reports (36a, 37).

Overall, NH inhibited the growth and biofilm formation of S.

FIG 1 S. mutans planktonic and biofilm cell growth absorbance values for NH
and AH concentrations. The absorbance values of the 50% NH- and 50%
AH-treated cultures as well as the 25% NH-treated culture were below 0.001.
Horizontal lines, means and SEs of the TSB control; error bars, SEs; asterisks,
significant differences (P � 0.05) from the TSB control; boxed concentrations,
significant difference between NH and AH groups for a specific concentration.
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mutans at concentrations between 50 and 12.5%. The AH solution
did not demonstrate a similar effect. At 12.5%, there was a clear
difference between NH and AH in the inhibitory effect on growth
and biofilm formation. Although the MIC of honey has been re-
ported to range from 50 to 0.25% according to the type of honey
(23), the honey used in this study inhibited S. mutans at concen-
trations of between 25 and 12.5%. This range fits the data gener-
ated by Basson et al., who found the MIC for S. mutans to be about
21% when they tested the effect of NH on several oral bacteria (7).
In a recent study, two types of manuka honey were able to reduce
the adherence of S. mutans to glass surfaces at concentrations
above 200 �g/ml (5). The authors found a clear difference be-
tween the two tested honey samples and suggested that different
types of honey may have different antibacterial potentials. The

same hypothesis has been stated in other reports (2, 11, 38). In the
current study, we found visual evidence that biofilms in the NH
groups were loosely bound to the wells. This could suggest that the
expression of molecules needed for S. mutans adherence, such as
antigen I/II, might be altered by NH. In another study, plaque
levels and bleeding scores were reduced in participants who
chewed honey leather compared to controls using chewing gum
(11).

At lower concentrations (�6.25%), both NH and AH exhib-
ited results comparable to those for the TSB control. This could

FIG 2 S. mutans growth curves for NH and AH concentrations compared to the TSB control. The graph shows absorbance values over a period of 12.5 h (45,000
s). Numbers in brackets next to groups indicate mean Vmax and mean maximum absorbance, respectively. An asterisk indicates that Vmax and maximum
absorbance could not be calculated due to the influence of the high absorbance values of NH at 25% (N/A, not available). Note that there was no bacterial growth
at this concentration.

FIG 3 S. mutans biofilm formation absorbance values for NH and AH con-
centrations after staining with crystal violet. Horizontal lines, means and SEs of
the TSB control; error bars, SEs; asterisks, significant differences (P � 0.05)
from TSB control; boxed concentrations, significant difference between NH
and AH groups for a specific concentration.

FIG 4 S. mutans viability presented as numbers of CFU in a logarithmic scale
of selected concentrations of NH and AH. The viability of the 50% NH-treated
sample was almost zero. Horizontal lines, means and SEs of the TSB control;
error bars, SEs; asterisks, significant differences (P � 0.05) from the TSB con-
trol; boxed concentrations, significant difference between NH and AH groups
for a specific concentration.
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indicate that the active ingredient in honey was diluted to the
degree that renders it ineffective. A similar effect has been reported
previously (33). In that study, honey at 4.16% increased the
growth of S. mutans and S. sobrinus; however, there was a decrease
in growth at higher concentrations, with total inhibition occur-
ring at 25%. The difference in the bacterial and biofilm growth
values between the NH and AH groups could indicate that the
high sugar concentration was not the decisive factor, since the
sugar contents in the AH and NH groups were comparable. This
concept has been questioned by Steinberg and colleagues in their
above-mentioned study (33). Although the artificial honey solu-
tion that they used is comparable to the one used in this study
(37.5% fructose, 30.5% glucose, and 1.5% sucrose), the clinical
design of their study could have contributed to their findings.
Despite that, there was a clear difference between NH and AH in
bacterial growth of S. sobrinus in their study. Growth curve results
indicated that NH was able to decrease the maximum velocity
(Vmax) of S. mutans growth to a greater degree than AH.

Results from viability tests were less conclusive. No differences
were detected between NH and AH concentrations when com-
pared to the TSB control except for 50% NH. Although NH and
AH displayed an inhibitory effect on bacterial growth in the assay,
we still found some growth when we cultured the aliquots on
blood agar. One reason for this could be the lower sensitivity of the
bacterial growth assay. That is why we found very low absorbance
values for the 50 and 25% concentrations in the growth assay but
observed some growth during culturing on the blood agar. Data
from the XTT assay confirmed the viability test results, with NH
and AH at 50, 25, and 12.5% behaving in the same manner in both
assays. The only difference was at 6.25%, which could be related to
differences between planktonic and sessile cell susceptibility to
honey.

Initially, high absorbance values were recorded for the NH
group at the higher concentrations (50 through 12.5%) in the
growth assay. This led us to suspect that these values could be due
to the presence of honey itself and not due to actual bacterial
growth. In order to investigate this, we included diluted NH and

AH wells at the same concentrations tested but without bacterial
inoculation. Absorbance values from these wells were subtracted
from readings of their corresponding wells that were inoculated
with S. mutans. As we have assumed, the presence of NH initially
altered the absorbance values obtained. This effect was more pro-
nounced at the higher honey concentrations and was decreased
for the more diluted solutions. This effect was also found in the
AH groups; however, the changes in the absorbance values were
negligible.

The mechanism of the antibacterial effect of honey is not fully
understood; however, several proposed mechanisms have been
mentioned in the literature. Hydrogen peroxide, a potent antimi-
crobial agent, is produced in honey by the action of the glucose
oxidase enzyme (23, 36). However, according to Barnard and
Stinson, the alpha-hemolysin produced by the viridians group
streptococci, including S. mutans, is hydrogen peroxide (6), and
this could preclude the suggestion that hydrogen peroxide is a
major antimicrobial mechanism of honey against S. mutans. Fla-
vonoids, which are a group of pigments produced by plants, have
also been found in honey. Their presence was suggested to be a
potential cause for the antimicrobial properties of honey (16).
Another compound that was reported to have an antibacterial
property is methylglyoxal (18). This compound is present in
manuka honey and could be responsible for its antibacterial be-
havior. However, after inactivation of this molecule, honey sam-
ples retained their antimicrobial properties (19). An alternative
possible explanation for the phenomenon is the high sugar con-
centration of NH. According to previous reports, the total amount
of sugars in NH is between 70 and 80% (31, 32). This high sugar
load causes hypertonic conditions that lead to lysis of microbial
cell walls (17). However, results from the present study challenge
this theory.

Despite the inhibitory effect of honey on S. mutans, this effect
may be different in the oral cavity. The cariogenic potential of the
sugary constituents of honey is a subject of debate, and evidence
based on previous reports is inconclusive. In animal models, com-
parable cariogenic activity was reported for glucose and fructose,

FIG 5 S. mutans XTT viability assay absorbance values for NH, AH, and TSBS. Horizontal lines, means and SEs of the 1% TSBS control; error bars, SEs; asterisks,
significant differences (P � 0.05) from the 1% TSBS control. Groups with different letters were significantly different (P � 0.05). Comparisons were made
between solutions with the same concentration.
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the main sugars of honey, compared to sucrose (14, 15). In a
recent study, rats were fed different fluids to test their cariogenic-
ity (9). Although honey promoted the development of caries le-
sions on smooth surfaces of teeth, values from the honey group
were statistically lower than those observed in the sucrose group.
On the other hand, some reports indicate that honey sugars have
fewer cariogenic properties than sucrose. Frostell and colleagues
reported a lower caries incidence in hamsters and rats when they
substituted sucrose for a mixture of glucose, fructose, and maltose
(13). In another study, authors have reported a lower caries inci-
dence (represented by lower decayed, missed, and filled per tooth
surface [DMFS] values) for fructose than sucrose in a 2-year clin-
ical trial (30).

In summary, the following could be concluded from this study:
(i) there was a difference between the effect of NH and that of AH;
(ii) at 12.5%, NH supported less bacterial growth and biofilm
formation than AH, which contained the same amount of sugars;
(iii) the sugar content might not be the only decisive factor for the
antibacterial property of honey; (iv) the suggested MIC for natural
honey is between 25 and 12.5%; (v) NH was able to decrease the
Vmax of S. mutans growth compared to AH; and (vi) further stud-
ies are needed to identify the antimicrobial mechanism of NH.
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